Melanomas are the most frequent malignant neoplasms of the oral cavity of dogs. Osteogenic melanoma is a rare variant of melanoma that has been described in humans but not in animals. We describe a case of malignant melanoma with bone production affecting the gingiva of a 12-year-old Miniature Dachshund dog. The tumor was a round, lightly pigmented mass that measured 1 cm in diameter and was hard to cut. Histologically, the tumor was composed of nests and lobules of anaplastic, round, melanin-containing cells supported by a stroma displaying abundant osteoid matrix. Many of the neoplastic melanocytic cells were in close contact with the osteoid trabeculae. Immunohistochemical tests revealed that the neoplastic cells were immunoreactive for S-100 and vimentin and showed no staining with cytokeratin. The animal had a local recurrence of the tumor 3 months after the initial excision. This is the first case of malignant melanoma with osteoid formation reported in animals.
Melanomas are the most common malignant oral neoplasms in dogs. 3 They grow rapidly and frequently recur, and 70-90% metastasize to regional lymph nodes. 3 These tumors are normally characterized by round to spindle-shaped anaplastic melanocytic cells that show junctional activity and often infiltrate the underlying submucosa. 3 Osteogenic melanoma is a rare variant of malignant melanoma with bone formation that is recognized in humans. 9 The potential of stromal mesenchymal cells to differentiate into osteoblasts in tumors has been recognized in many human neoplasms and is well described in canine mixed tumors of mammary glands and apocrine sweat glands. 12 However, no melanomas with osteoid production have been documented in animals. We describe a case of malignant oral melanoma with abundant osteoid production in a dog.
A gingival mass removed from a 12-year-old intact female Miniature Dachshund was submitted to the Service de diagnostic of the Faculté de médecine vétérinaire, Université de Montréal, St.-Hyacinthe, Canada. The mass measured approximately 1 cm in diameter, was round, faintly pigmented (like the normal gingiva), and protruding between two left inferior incisors. According to the owner, the mass appeared suddenly and was growing rapidly. The mass was removed surgically, and an adjacent incisor and a canine tooth had to be extracted at the same time because they were loose. The mass appeared to be locally infiltrative.
Tissues were fixed in 10% buffered formalin for routine processing, paraffin-embedded, sectioned at 3-4 m, and stained with hematoxylin-eosin-saffron (HES). Immunohistochemical staining was performed using commercially available antibodies for identification of S-100 protein (Immunon, Pittsburg, PA), vimentin, and cytokeratin (Biogenex laboratories, San Ramon, CA). The avidin-biotin peroxidase method (Vectastain ABC kit, Vector Laboratories, Burlingame, CA) was used with 3-amino-9-ethylcarbamazole as the peroxydase substrate, and Mayer's hematoxylin was used for counterstaining.
Histologic examination showed that the tumor involved the oral epithelium and submucosa, displayed junctional activity, and was moderately cellular, poorly demarcated, unencapsulated, and infiltrative. It was composed of closely packed round cells randomly distributed in nests in the epithelium and diffusely in the submucosa (Fig. 1 ). The tumor cells were supported by a coarse fibrous stroma exhibiting abundant osteoid production distributed in large and anastomosing trabeculae (Fig. 2 ). Some trabeculae were partially mineralized. Osteoid formation was present throughout the tumor and was located near the surface epithelium in several areas (Fig. 2, inset) . Neoplastic cells were closely lining these trabeculae, and some appeared to be entrapped in the osteoid material. The neoplastic cells were round, approximately 15 m in diameter, with indistinct cell borders and a moderate amount of clear amphophilic cytoplasm that sometimes contained coarse, dark brown granules (melanin). Their nuclei were 5-10 m in diameter, euchromatic, round to oval, and centrally located with coarsely clumped chromatin and two to three basophilic and small nucleoli. The cells showed a slight anisocaryosis. The mitotic index was high, averaging 10 mitoses per high-powered field (400ϫ), and atypical mitosis was observed. The cells within the osteoid trabeculae had an indistinct and small cytoplasm without melanin, a clear and large nucleus (10-12 m) with finely stippled chromatin, and a unique paracentral and large nucleolus. The epithelium overlying the neoplasm was multifocally ulcerated, and the denuded chorion was covered by a thin seroneutrophilic exudate. Immunoperoxidase staining of the tumor revealed that the neoplastic cells were moderately and diffusely positive for S-100 protein ( Fig. 3 ) and vimentin (not shown) and nonreactive for cytokeratin ( Fig.  4 ). Most of the cells closely associated with the osteoid trabeculae stained positively for S-100 and vimentin, but the cells enclosed within the matrix were negative for S-100 ( Fig. 3 ). On the basis of the histologic and immunohistochemical findings, the neoplasm was diagnosed as a malignant melanoma with osteoid formation.
Two months after the initial excision, the dog presented with a recurrence of the neoplasm. The new growing mass was more infiltrative than the first one, and a mandibular radiograph revealed extensive osteolysis in the region. Histologic examination revealed that the neoplasm had the same characteristics as the first tumor except that the stroma was not as abundant and had little osteoid formation. The proximity of the tumor to the oral mucosa and the pattern of distribution of osteoid formation (throughout the tumor) suggest that it did not originate from proliferation of mandibular bone tissue. The osteoid formation in this tumor could have resulted from either osseous metaplasia of the connective tissue stroma or mesenchymal metaplasia of the melanoma cells themselves. Heterotopic bone formation in tumors is a rare event that has been reported in some human neoplasms, including malignant melanomas. 4, 7, 9, 10 Twelve cases of malignant acral lentigenous melanomas with bone formation (osteogenic melanomas) have been described. 9 These melanomas had a high rate of lymphatic dissemination and were deeply invasive, suggesting that they behave as conventional melanomas. In the veterinary literature, no such tumor has been reported. Osseous metaplasia has been observed in cases of intestinal adenocarcinoma in cats, sheep, and horses. 8 Many hypotheses have been suggested to explain this heterotopic bone formation. One of them is that osteoid is formed as a reparative response of injured tissue. 9 This theory is supported by the occasional bone formation observed in chronically inflamed tissues. 7 In the present case, inflammation was minimal and restricted to the denuded areas of oral epithelium.
In the case of osteogenic melanomas, Lucas et al. 9 speculated that the close apposition of neoplastic melanocytic cells to the bony trabeculae, their clearly malignant appearance, their intense immunoreactivity for S-100 protein, and the persistence of osteoid formation in lymph node metas-tasis all indicated that the neoplastic melanocytic cells themselves were producing the osteoid matrix. Using electron microscopy, From et al. 6 observed intracytoplasmic collagen production in melanoma cells, suggesting that fibroplasia can result from an acquired ability of melanocytes to produce collagen. It can be speculated that osteogenesis could also be induced through a similar process. However, in the present case, the absence of S-100 protein immunoreactivity in the cells located within the osteoid matrix does not support a melanocytic origin for the osteoid-producing cells.
Other investigators have suggested that bone production in some tumors can be attributed to an inductive stimulus produced by the neoplastic cells that acts on stromal mesenchymal cells to induce their differentiation into osteoblasts or chondroblasts. 4, 7, 10 Some human neoplastic cell lines are osteoinductive when implanted in the muscles of immunosuppressed mice, and urogenital epithelium transplants from dog and other mammals have been shown to have osteogenic properties. 1, 2 The exact nature of the osteogenic stimulus is still unknown. It has been suggested that mucin extravasation could predispose to heterotopic bone formation in some human adenocarcinomas of the gastrointestinal tract. 7 Recently, a family of proteins (bone morphogenetic proteins [BMPs]) belonging to the transforming growth factor-␤ (TGF-␤) superfamily has been identified by Wozney et al. 13 These factors appear to play a major role in osteogenesis in the embryo and can induce bone formation when implanted ectopically. 11 Expression of mRNA coding for BMPs was demonstrated in benign and malignant prostate tissue, tumors known to occasionally exhibit osteoid metaplasia. 5 Interestingly, BMPs were also shown to be expressed in ocular melanoma tissue. 5 Finally, TGF-␤1 and -␤2 appear to be osteoinductive factors responsible for the bone formation in extraosseous giant cell tumors. 10 The expression of such factors could contribute to the local osteoinductive properties of tumoral cells. More studies are needed to further define the factors and mechanisms involved in the bone formation observed in some melanomas.
